Abstract. The conductivity of MgA1204 has been measured at 1273, 1473 and 1673 K as a function of the partial pressure of oxygen ranging from 105 to 10-1~ Pa. The MgAI204 pellet, sandwiched between two platinum electrodes, was equilibrated with a flowing stream of either Ar + 02, CO + CO 2 or Ar + H 2 + H20 mixture of known composition. The gas mixture established a known oxygen partial pressure. All measurements were made at a frequency of I kHz. These measurements indicate pressure independent ionic conductivity in the range 1 to I0-14Pa at 1273K, 10 -1 to 10-1ZPa at 1473K and 10 -I to 10-4Pa at 1673K. The activation energy for ionic conduction is 1"48 eV, close to that for self-diffusion of Mg 2 + ion in MgAl20, ~ calculated from the theoretical relation of Glyde. Using the model, the energy for cation vacancy formation and activation energy for migration are estimated.
Introduction
Magnesium aluminate is a normal spinel at low temperature. The unit cell consists of 32 oxygen ions in an approximately face-centred cubic arrangement with the divalent magnesium ions occupying 8 of the 64 tetrahedral interstices and the trivalent aluminium ions occupying 16 out of the 32 octahedral interstices. To explore the possible use of MgA1204 as a solid electrolyte at elevated temperatures, its electrical conductivity has been measured as a function of temperature and oxygen partial pressure. The ionic conductivity in oxides with narrow homogeneity ranges is expected to be independent of oxygen partial pressure. The hole conductivity generally increases with oxygen partial pressure (trhO~P~)Izn). The electronic conductivity increases with decreasing partial pressure (a,o~Po~/"). Thus measurement of the total conductivity as a function of oxygen partial pressure gives an indication of the ionic conduction domain in the temperature -oxygen partial pressure plot. Recently Metselaar and Hoefsloot (1987) have reported on the electrical transport properties of calcium and barium aluminates.
Experimental
The conductivity of MgA120 4 was measured at different temperatures as a function of oxygen partial pressure. MgA1204 pellets, sandwiched between two platinum electrodes, were equilibrated at different temperatures with flowing streams of Ar + O2, CO + CO2 and Ar + H2 + H20 mixtures of known compositions. The gas phase *For correspondence.
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established a partial pressure of oxygen over the electrodes depending on its composition. Mixtures ofAr + 02 allow the control of oxygen partial pressure (Po2/P °) up to 10 -4 Pa, where po in the standard pressure (1.01 x l0 s Pa). For the CO + CO 2 mixture, the oxygen partial pressure is defined by the relations 2CO + 02 ~ ~ 2CO2,
where K 1 and AG o are the equilibrium constant and standard Gibbs' free energy change for reaction (1). Similarly, for Ar + H z + H20 mixtures the oxygen partial pressure is defined by
Po2 = (Pn~o/Pu~) 2 Kal = (pn~o/pn2)2 exp(AGO/RT).
Argon is added to the mixture of hydrogen and water vapour to minimize thermal segregation in the gas phase. The conductivity of the sample was measured at a frequency of 1 kHz.
Materials
Fine powders of MgO and ~-A1203, 99.99~ pure, were obtained from the Aldrich. MgAI204 was prepared by heating stoichiometric amounts of component oxides at 1473 K for 168 h. The pellets made from intimate mixtures of component oxides were contained in a recrystallized high density alumina crucible. The saturation of MgA12 O4 with ~t-A12 O3 at 1473 K was limited only to the contact surface. The surface of the pellet was polished to remove the layer of MgAI20 4 saturated with ~-A120 3. The formation of MgA1204 spinel was confirmed by X-ray diffraction analysis (XRD). The sample contained single phase MgA1204, free from the starting oxides within the detection limit of XRD. The platinum electrodes on the two fiat surfaces of the MgA1204 pellet were prepared by painting with a brush Engelhardt platinum paste No. T. 11500. The electrodes were heated in air for 0"5 h at 1073 K, and then heated in vacuum at 1000 K for 0.5 h. Argon gas (99.99~ pure) was dried and then passed through copper turnings maintained at 800 K to remove residual oxygen. Hydrogen gas (99"9970 pure) was passed over a catalyst to convert residual oxygen to water vapour, which was then absorbed in a drying column. CO2 gas (99"99~o pure), obtained from a commercial source, was dried before use.
Apparatus
A schematic representation of the cell used for the conductivity measurement is shown in figure 1 . A cylindrical pellet Of MgAI204, 0-5cm thick and coated on either side with platinum, was sandwiched between two platinum foils. The MgAI204 pellet was prepared by double end compression of fine powder and subsequent sintering in air at 1873 K. The density of the pellet was 96~ of the theoretical value. The flat surfaces were polished before coating with platinum paste. The sandwich was pressed between
